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Abstract 
This paper presents a multi-agent systems (MAS) model to evaluate City Logistics measure for an urban road 
network in an e-commerce delivery system environment. Most notable contribution of this evaluation methodology is 
the combination of vehicle routing and scheduling problem with time window (VRPTW), auction theory and 
reinforcement learning in a multi-agent framework. This approach seeks to represent the behaviour of each 
stakeholder involved in the delivery of goods between producers and customers. The preliminary results of the model 
shows that Government-driven City Logistics measures such as freight vehicle road pricing has the potential of 
reducing truck emission when the administrator learns and price the road links.   
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1. Introduction 
1.1. Research motivation and objectives 
The existence of e-commerce has made purchases for consumer products more convenient and 
sometimes cheaper for customers. Examples of Taobao, under the Alibaba Group in China, venturing 
overseas and Rakuten of Japan making English the official language within the company explain the drive 
and successful business strategies (Wikipedia, 2011; Davis, 2010). The nature of such business is also 
termed as business-to-consumer (B2C) e-commerce and several studies have been done on the link with 
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city logistics and their impact on urban transport (Visser and Hassall, 2006; Esser and Kurte, 2006). One 
of the purpose of e-commerce is the direct sales from producer to consumer as explained by Visser et 
al.(2001) and such marketing strategy bypass the traditional retailing channel. It is conservative to 
mention that e-commerce may not necessarily decrease the need for retail floor space and affect the 
shopping centres in the city. However, it is rational to say that some functions of retailers may be replaced 
by producers or distribution centres due to decreasing retail patronage amid the ageing population in some 
countries. It is noted that e-commerce and home delivery are closely related (Visser et al., 2001).  The 
rise of computer literate aging population in countries like Japan and Singapore increase the possibilities 
of more home deliveries. Although the consumers are generally concern about e-payment due to security 
reasons, the emerging technology to overcome security concerns will help to raise the e-commerce trend. 
There may be less concern on traffic congestion due to a replacement of passenger traffic to freight 
traffic, but other impacts like pollution from freight traffic may affect the health of the population in the 
city. 
In the research done by Thompson et al.(2001), they constructed a model that can evaluate the 
potential of regional distribution centres and to predict the increased truck travel distance due to e-
commerce that can cause other secondary impacts like vehicle emissions, fuel consumption and truck 
operating cost.  Several studies have been done to identify city logistics measures and they proposed 
solutions that can be implemented to solve many difficult and complicated problems due to urban freight 
movement (Taniguchi et al., 2001; OECD, 2003; Russo & Comi, 2010). The measures that apply to city 
logistics can be categorised into government driven or company driven (Taniguchi and Nemoto, 2003; 
Anderson et al., 2005). Government driven measures include road pricing, truck ban and regulating co-
operative facilities while company driven measures like facility locations and warehouse management can 
be recommended.  
The main purpose of this research is to evaluate the freight vehicle road pricing measure in an e-
commerce delivery system environment. The secondary purpose of this research is to explore the 
potential of previous work of using multi-agent approach (Taniguchi et al., 2006; Tamagawa et al., 2009) 
and enhance it further to evaluate mainly on the government driven city logistics measures due to the 
rising trend of e-commerce and home delivery.   
1.2. Why MAS approach? 
MAS approach is recognised as a useful methodology to consider the multi-objective nature of an 
urban logistics system and study the behaviour of the stakeholders who are influenced by policy measures 
(Taniguchi et al., 2010). Our problem considered in this paper fits into the characteristics for MAS 
approach listed by Parunak (1999) along with several other agent-based approaches to transport logistics 
papers reviewed by Davidsson et al. (2005). MAS consist of an environment with multiple autonomous 
agents with the ability to sense, perceive and take action while incorporating the interactions of other 
agents. Further reading related to MAS can be found in books written by experts in this field (Weiss, 
1999; Wooldridge, 2009).  
The MAS model described in this paper seeks to follow the model framework for VRPTW with 
dynamic traffic simulation (Taniguchi et al., 2001), as shown in Fig. 1. VRPTW is used in several studies 
that require solution for assigning trucks to customers and minimising the cost of delivering goods with a 
feasible route within the given time window (Thompson and van Duin, 2003). One example of an agent-
based approach research, which helps authorities decide on a best location for logistic transit point 
locations and customer service point, is the use of a combination of VRP models and microscopic 
approach using AIMSUN in a decision support system (Barceló et al., 2007). Another example of an 
agent-based model to optimise the location of intermodal freight hubs by considering hub owners, 
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transport network providers, hub users and communities is presented by (Sirikijpanichkul et al., 2007). 
There are existing models that predict the impacts of e-commerce (Thompson et al., 2001; Taniguchi et 
al. 2004) but our proposed model proceeds to include the behaviours of multiple stakeholders, including 
the government policy makers. 
It is known that road pricing is a measure for allocating limited road space. The consequences that lead 
to congestion reduction and reducing trucks on the roads are not the purpose of road pricing policy but a 
beneficial result from the initial aim. Government authorities who implemented road pricing have always 
emphasis that it is not a revenue generating tool (Ogden, 1992). There are researches done to study the 
expected influence of distance pricing on freight transport in urban areas based on in-depth interviews on 
carriers (Quak and van Duin, 2010), comprehensive studies on carriers responding to time of day pricing 
based on data obtained from implemented road pricing scheme (Holguin-Veras et al., 2006), and 
discussion on the myths and possibility of freight road pricing based on empirical evidence supported 
with game theoretic analysis (Holguin-Veras, 2010). This paper aims to complement past studies by 
simulating the e-commerce delivery system using the MAS modelling approach and to evaluate the 
impact of freight road pricing.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. VRPTW model with dynamic traffic simulation framework 
2. Multi-agent model framework 
The MAS model, as shown in Fig. 2, goes through the process of receiving the carrier data, customer 
data and network data to run the insertion heuristics for VRPTW model. Carriers are considered to use 
352   Joel S.E. Teo et al. /  Procedia - Social and Behavioral Sciences  39 ( 2012 )  349 – 359 
VRPTW based on the fixed demand and time window to bid for the delivery. The MAS model includes 
the second price auctioning from auction theory (Krishna, 2010), which is closely linked to game theory, 
to represent the behaviour of the shippers (or producers) in the test road network. 
 
 
Fig. 2. MAS framework for evaluating freight vehicle road pricing 
The typical payoff shown in second-price auction usually seeks for maximum bid while the second-
price auctioning in freight delivery aims to reduce the bid as much as possible. In a second price auction 
for freight delivery, the winning carrier will be paid the amount equal to the second lowest bid. The 
payoff of the winning carrier is shown as follows: 
 
                                                                                 (1) 
 
where, 
  : Payoff of carrier i 
  : Bid of carrier i 
  : Bid of other carriers, excluding carrier i 
  
The process of competitive pricing benefits all parties with common interest to transfer their job from 
one to the other at a compromised agreement. In this research, the producers demand delivery service 
from carriers at a low price while carriers prefer to profit from a higher price. Such conflicts arise and a 
game theoretic second price auctioning can model this behaviour to represent the interaction between 
carriers while retailers can obtain the best and truthful price for the delivery service. Typical agents like 
carriers, shippers, administrators, motorway operators and residents in previous model (Tamagawa et al., 
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2009) represent the key stakeholders involved in a logistics platform meeting. In our approach, the model 
considers the producers as shippers in B2C e-commerce engaging in a negotiation-like process using 
second-price auction theory. The motorway operators are not considered in this paper as the assumption 
of road network has no existing highways and has no intention of building additional roads. 
Reinforcement learning is used in this model to represent the behaviour of agents during decision 
making. It has been agreed that intelligent agents should be able to learn and those systems with agents 
capable of learning can be called intelligent (Sen & Weiss, 1999). As such, this paper starts by treating 
the administrator as an intelligent agent where he will learn through the experience from his past actions. 
The process of reinforcement learning includes administrator sensing the environment and taking actions 
to change the current state to reach his goals (Weiss, 1999). In this paper, only the administrator is 
assumed to learn after receiving the pollution level from the executed route by the successful bidders or 
carriers. The reinforcement learning we used is the Q-learning algorithm, first introduced by Watkins 
(1989) due to its efficiency tested in previous study (Tamagawa et al., 2009). The updating formula in Q-
learning for administrator is as follows: 
 
                                                      (2) 
 
where, 
  : expected NOx level in state t due to action in state t 
          : expected NOx level in state t+1 of all actions  
   : discount rate for administrator  
   : learning rate of administrator  
   : immediate NOx level in state t due to action in state t 
  
The learning rate of 1 represents the administrator, who will consider the most recent information 
while 0 means the administrator does not learn. Discount rate set at 1 means that the administrator will 
consider the long term reward while 0 means that the administrator is concern only on current rewards. 
The oxides of nitrogen (NOx) emission is estimated using equation (3) (NILIM 2003) assuming light 
delivery vehicles using diesel fuel. 
 
                                                            (3) 
  
where, 
 
  : expected nitrogen oxide emission in grams 
  : length of road link between nodes i and j in kilometres 
  : speed of vehicle travelling on road link between nodes i  and j 
3. Results and discussion  
The MAS model is used on the test road network as shown in Fig. 3. Four carriers are located at nodes 
1, 5, 21 and 25 and they are named as Carriers 1, 5, 21 and 25 respectively. Nodes 8, 12, 13, 14 and 18 
are the locations of producers while the rest of the nodes represent the customers. The MAS model is 
iterated for a year with 360 days due to practicality issues resulting from the assumption of fixed demand, 
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time window and travel time. The arbitrary pick-up capacity of all the producers is equivalent to the 
delivery demand of the customers and they are assumed to be fixed during the model run. The randomly 
assigned time windows set for pick-up from the producers are in the morning while the delivery time 
windows of the customers are set in the afternoon. The velocity of trucks is assumed to be 30km/h. The 
model begins by initiating the insertion heuristics VRPTW for pick-up process from producers and is 
assumed to return to the carrier’s depot for repacking before running the next VRPTW for delivery to the 
customers.   
 
 
Fig. 3. Test road network 
As the objective of the administrator is to lower the NOx level in the city centre, the NOx level of links 
8-13, 12-13, 13-14 and 13-18 are summed up to represent the NOx level for the city as shown in Figure 4 
and 5 with varying learning rates. Due to our assumption that states that there is no change in the demand, 
time window, truck capacity, travel time and cost of travel, a carrier will always win in the bid due to its 
location in the test network when there is no learning and no freight vehicle road pricing after several 
iterations. Therefore, the optimal route for a winning carrier is assumed to cause the NOx emission in the 
city to stabilise after many iteration runs, which is represented by the solid black line in Figure 4 and 5. 
We can observe from Figures 4 and 5 that when the administrator learns, the NOx level in the city can 
fluctuates to as low as about 2gm. The mean level of NOx without learning is about 25gm while the mean 
level of varying learning and discount rates are lower as shown in Table 1. We can note the increase of 
NOx level above 25gm in Figure 4 and 5, which can be explained by the fact that some external links 
outside the city is priced lower during that particular iteration and the truck traffic chose to travel on the 
lower cost links in the city.  Due to the lower standard deviation level of 9.551 for α = 0.8 and  = 0.8 
shown in Table 1, we used the data sets of this model run to evaluate further on the effectiveness of 
freight vehicle road pricing.  
355 Joel S.E. Teo et al. /  Procedia - Social and Behavioral Sciences  39 ( 2012 )  349 – 359 
Given the condition of a static scenario, the only source of dynamic situation is from the action of 
pricing the road links by the administrator when he learns in each iteration. The cumulative results of 
NOx level in the city for the entire episode are shown to reduce from the level when the administrator did 
not learn as presented in Figure 6. These results show that the freight vehicle road pricing has the 
potential of reducing the NOx level in the city when the administrator starts to learn from his experience 
and vary the rate of pricing for the road links to maximise his objective. The use of MAS approach allows 
the administrator to evaluate further on the rate of pricing for each direction of travel on a road link. A 
typical graph that shows the stabilized pricing rate for each link is shown in Figure 7. This graph shows 
the results for link 13-14 with the rate for direction from node 14 to 13 at 1103yen and from node 13-14 
at 1042yen. As seen from the graph, the pollution level starts to decrease when the pricing rate increase at 
around day 30. The use of MAS model is not evaluated further for longer than a year as the condition of 
fixed demand and travel time limits the practicality. As the results are preliminary, more work will be 
required to include more dynamic scenario to evaluate the effectiveness of freight vehicle road pricing. 
The MAS model can be further improved by generating dynamic demand and incorporating dynamic 
travel time using micro-simulation software like VISSIM (PTV, 2008), which will be considered in the 
future research. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 4. NOx level of city with varying learning values 
Table 1. Mean and standard deviation of NOx level with varying learning values 
Measurement 
Learning rate,  0.5 0.5 0.8 0.8 
Discount rate,  0.5 0.8 0.5 0.8 
Mean,  23.390 23.250 23.796 23.382 
Standard deviation,  9.872 9.896 10.455 9.551 
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Fig. 5. NOx level of city with varying learning values 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Cumulative NOx level of city links with respective learning parameters 
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Fig. 7. Combine plot of NOx level and average pricing for link 13-14 
4. Conclusion 
The MAS model explained in this paper incorporates the behaviour of major stakeholders in an e-
commerce delivery system. The use of VRPTW for carriers, second-price auctioning for producers in the 
city centre and Q-learning for administrator seeks to provide an administrator’s evaluation tool for freight 
vehicle road pricing. Q-learning was used to simulate the administrator’s unsupervised learning and 
decision making, which is assumed to be the administrator’s behaviour in the real-world situation. In 
MAS model, the administrator is assumed to observe from the network environment, has a perception and 
learns from the environment before he sets his next action. This process is repeated until a stop criterion is 
set in the model and in this case, we stopped the iteration after one year due to the assumption of static 
scenario with regards to fixed time window, demand and travel time.   
The preliminary results from varying the administrator’s learning rate and discount rate show the 
potential of reducing NOx level in the city when the administrator learns and price each link in the test 
road network based on the outcome of past actions and future rewards. The MAS modelling approach, 
which assumes the behaviour of the agents, provided the administrator insights of how freight vehicle 
road pricing can influence the test road network and the environmental impact on each links. Several data 
can be obtained from this model and one of the most relevant information for administrator is the ability 
to determine the possible rate of road pricing for freight vehicles to achieve the NOx pollution reduction 
as shown in the “Results and discussion” section of this paper. The current MAS model seeks to develop 
beyond the limit of a year’s evaluation by improving on the assumption made on fixed demand, travel 
time and time window. Future research hopes to include dynamic demand and varying travel time 
obtained from micro-simulation software like VISSIM(PTV, 2008) . 
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